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(54) BONDING WAFER MANUFACTURING METHOD

(57)  In a method for producing a bonded wafer by
bonding a wafer for active layer and a wafer for support
layer and thinning the wafer for active layer according to
the invention, oxygen ions are implanted into the wafer
for active layer at a state of holding a temperature of the

wafer for active layer below 200°C under a dose of
5x1015 to 5x 1016 atoms/cm2, whereby there can be ob-
tained a bonded wafer being excellent in the thickness
uniformity after thinning and having a dramatically im-
proved surface roughness.
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Description
TECHNICAL FIELD

[0001] Thisinvention relates to a method for producing
a bonded wafer, which is intended to effectively prevent
the deterioration of surface roughness and the occur-
rence of crystal defect particularly resulted from an oxy-
gen ion implanted layer.

BACKGROUND ART

[0002] As a general method for producing a bonded
wafer, there are known a method wherein a silicon wafer
provided with an oxide film (insulating film) is bonded to
another silicon wafer and one of the bonded wafers is
subjected to grinding/polishing to form an SOI layer
(grinding and polishing method), a method wherein oxy-
gen ions are implanted into an inside of a silicon wafer
and then annealing at a high temperature is conducted
to form a buried oxide film in the inside of the silicon wafer
to thereby render a top portion of the oxide film into an
SOl layer (SIMOX), a method wherein hydrogen ions or
the like are implanted into a surface layer portion of a
silicon wafer corresponding to an SOI layer side (wafer
for active layer) to form an ion implanted layer, and a
silicon wafer for support substrate is bonded thereto, and
then exfoliated at the ion implanted layer through a heat
treatment to form an SOI layer (Smart Cut method) and
the like.

[0003] Amongthe above methods, however, the grind-
ing and polishing method has a problem that the thick-
ness uniformity of the active layer is poor (not less than
+ 30 %). Also, in the method using oxygen ion implan-
tation (SIMOX), there is a problem that it is impossible
to produce SOl structures of different crystal orientations
with an insulating layer sandwiched therebetween.
[0004] Inorderto solve the above problems, the inven-
tors have already developed a process combining the
oxygen ion implanting method and the grinding and pol-
ishing method, namely, "A method for producing a bond-
ed wafer by directly bonding a wafer for active layer hav-
ing or not having an insulating film on its surface to a
wafer for support layer and then thinning the wafer for
active layer, which comprises a time-series combination
of:

a step of implanting oxygen ions into the wafer for
active layer to form an oxygen ion implanted layer in
the active layer;

a step of subjecting the wafer for active layer to a
heat treatment at a temperature of not lower than
1100°C in a non-oxidizing atmosphere;

a step of bonding the wafer for active layer to a wafer
for support layer;

a step of heat-treating for improving a bonding
strength;

a step of grinding a portion of the wafer for active
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layer in the bonded wafer short of the oxygen ion
implanted layer;

a step of further polishing or etching the wafer for
active layer to expose the oxygen ion implanted lay-
er;

a step of oxidizing the bonded wafer to form an oxide
film on the exposed surface of the oxygen ion im-
planted layer;

a step of removing the oxide film; and

a step of heat-treating at a temperature of not higher
than 1100°C in a non-oxidizing atmosphere.", which
is disclosed in Patent Document 1.

According to the method disclosed in Patent Document
1, it has become possible to provide a direct bonded wa-
fer, which is excellent in the thickness uniformity of the
active layer and relatively less in the defects as evaluated
with a transmission electron microscope (TEM).

Patent Document 1: JP-2006-184237
DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] Inthetechnology disclosed in Patent Document
1, however, the oxygen ion implanting conditions and the
subsequent heat-treating conditions are not necessarily
optimized, so that irregularity is caused at the interface
between the oxygen ion implanted layer acting as a stop
layer for polishing or etching and the surface layer of the
final product.

In fact, when the oxygen ion implantation is conducted
by one treatment with an acceleration voltage of 150 keV
and a dose of 5.0x1016 atoms/cm?2 and the heat treat-
ment is conducted at a temperature of not lower than
1100°C until the oxygen ion implanted layer is exposed
by polishing or alkali etching according to Patent Docu-
ment 1, the surface roughness (RMS value) of the result-
ing bonded waferis RMS>0.6 nm [10 p.mX 10 wm], which
is not necessarily good.

[0006] This cause is considered due to the fact that
the implanted oxygen ions are reacted with silicon by the
heat treatment at a high temperature to form discontin-
uous SiO, particles.

In order to improve the deterioration of the surface rough-
ness due to this phenomenon, there is thought a method
wherein a heat treatment after the oxygen ion implanta-
tion is conducted in an oxidizing atmosphere at a high
temperature of not lower than 1300°C for not less than
10 hours to form a continuous SiO, layer. However, in
conducting such a treatment at the high temperature for
the long time, there are problems that it is required to use
a special furnace but also the costrise can not be avoided
due to the decrease of yield rate based on occurrence
of slippage and the like.

[0007] Itis, therefore, an object of the invention to ad-
vantageously solve the above problems and to provide
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an advantageous method for producing a bonded wafer,
in which the surface roughness is effectively improved
without a need for a special furnace and without the cost
rise due to the decrease of yield rate.

MEANS FOR SOLVING PROBLEMS

[0008] Inorderto solve the above problems, the inven-
tors have made various examinations particularly on ion
implantation conditions and polishing or etching stop con-
ditions in an oxygen ion implanted layer and obtained the
following findings.

(1) When the oxygen ion implantation is conducted
at a relatively low temperature to form a Si amor-
phous layer containing a greater amount of oxygen
in the vicinity of a wafer surface, alkali etching stop
is impossible but polishing stop is possible.

(2) In the case of the low-temperature oxygen ion
implantation of the above item (1), the interface be-
tween the resulting Si amorphous layer and surface
Si layer becomes drastically smooth as compared
with an interface formed by the conventional implan-
tation and heat treatment.

(3) When the wafer is held in a temperature region
of not lower than 1000°C for a long time of more than
1 hour, the Si amorphous layer is crystallized to par-
tially change into SiO, particles, thereby the above
interface becomes easily irregular. In order to avoid
this phenomenon, itis advantageous that the holding
time at a temperature region of not lower than
1000°C is within 1 hour.

The invention is based on the above findings.
[0009] The summary and construction of the invention
are as follows.

1. A method for producing a bonded wafer by bond-
ing a wafer for active layer to a wafer for support
layer through an insulating film or directly and then
thinning the wafer for active layer, which comprises:

(1) a step of implanting oxygen ions into a wafer
for active layer;

(2) a step of bonding an oxygen ion implanted
side surface of the wafer for active layer to a
wafer for support layer directly or through an in-
sulating film;

(3) a step of heat-treating for enhancing a bond-
ing strength;

(4) a step of thinning the wafer for active layer
in the bonded wafer to expose the oxygen ion
implanted layer;

(5) a step of removing the exposed oxygen ion
implanted layer; and

(6) a step of planarizing and/or thinning a surface
of a portion in the wafer of active layer,

10

15

20

25

30

35

40

45

50

55

wherein in the above step (1) of implanting oxygen ions
into the wafer for active layer, oxygen ions are implanted
at a dose of 5x101% to 5x 1016 atoms/cm? in a state that
the temperature of the wafer for active layer is held at
not higher than 200°C.

[0010] 2. The method for producing a bonded wafer
according to the item 1, wherein a holding time of the
oxygenionimplanted layeraccumulated in atemperature
range of not lower than 1000°C after the oxygen ion im-
plantation step until the step of exposing the oxygen ion
implanted layer is within 1 hour.

[0011] 3. The method for producing a bonded wafer
according to theitem 1 or 2, wherein a surface orientation
of each wafer in the bonded wafer is a combination of
(100), (110) or (111).

BRIEF DESCRIPTION OF DRAWINGS
[0012]

FIG. 1is a view showing a process flow of the inven-
tion;

FIG. 2 is a cross-sectional TEM photograph of a wa-
fer subjected to a heat treatment after oxygen ion
implantation under (a) conventional conditions (a)
and (b) conditions of the invention, respectively; and
FIG. 3 is a view showing surface roughness of a
bonded wafer produced under various ion implanta-
tion conditions.

BEST MODE FOR CARRYING OUT THE INVENTION

[0013]
low.
At first, substrates for a bonded wafer to be targeted in
the invention and each production step of the invention
according to the process flow shown in FIG. 1 will be
concretely described.

The invention will be concretely described be-

Wafer substrate

[0014] Inthe production of a bonded wafer, two silicon
wafers, i.e. awaferfor active layer and a wafer for support
layer are bonded to each other. The invention is applica-
ble to not only a case of bonding the both wafers through
an insulating film (oxide film) but also a case of bonding
them directly without such an insulating film.

As the bonded wafer, the kind and concentration of a
dopant, an oxygen concentration and the like are not lim-
ited as long as the surface roughness suitable for the
bonding is good. However, a wafer with no or a few COP
is preferable for further reducing the defects. At this mo-
ment, to the reduction of the COP can be applied a meth-
od of optimizing CZ pulling conditions to reduce COP, a
method of subjecting a wafer to a mirror processing and
then to a heat treatment at a high temperature of not
lower than 1000°C in a reduction atmosphere, a method
of epitaxial growing Si on a wafer by CVD and the like.
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(1) Step of implanting oxygen ions into wafer for active
layer

[0015] Inthe invention, the acceleration voltage in the
oxygen ionimplantation can be properly selected accord-
ing to the thickness of the active layer in the final product
and is not particularly limited. Therefore, it may be about
100 to 300 keV, which is an acceleration voltage of a
usual oxygen ion implantation machine.

The dose in the oxygen ion implantation is required to be
within a range of 5x 1015 to 5x10'6 atoms/cm2. When
the dose in the oxygen ion implantation is less than
5% 1015 atoms/cm?2, a Si amorphous layer containing ox-
ygen atoms is not formed sufficiently and the polishing
stop can not be conducted adequately. While, when it
exceeds 5x 1016 atoms/cm?, all of the surface layer be-
comes amorphous and the surface active layer does not
form a single crystal.

Further, the substrate temperature in the ion implantation
is required to be not higher than 200°C. When it exceeds
200°C, the amorphous layer is not formed sufficiently. It
is preferably not lower than room temperature (approxi-
mately 20°C) but not higher than 100°C. Moreover, the
implantation can be carried out even below the room tem-
perature. To that end, it is necessary to add a function
of forcibly cooling the wafer to the implantation machine.
[0016] The oxygenionimplantation can be divided into
multiple courses, and cleaning may be conducted ther-
ebetween.

As a cleaning method are preferable cleanings with SC1,
HF, O3 and organic acid, which are excellent in the ability
of removing particles.

[0017] Inthe invention, it is also preferable to conduct
a heat treatment at a temperature of not higher than
1100°C at a stage after the oxygen ion implantation and
before bonding.

At this time, by heat-treating in a reducing atmosphere
is diffused oxygen implanted in the vicinity of an outer-
most surface in the oxygen ion implantation outwardly to
decrease the oxygen concentration, which contributes to
suppress oxygen precipitates in the vicinity of the outer-
most surface in the heat treatment for enhancing the
bonding strength, and hence it is possible to further re-
duce the defect density. As the reducing atmosphere are
advantageously suitable Ar, H, and a mixed atmosphere
thereof.

[0018] InFIGS.2(a)and (b) are shown cross-sectional
TEM photographs of wafers heat-treated after oxygen
ion implantation under the conventional conditions and
the conditions of the invention and before bonding by
comparison.

Moreover, the oxygen ion implantation conditions and
the heattreatment conditions are as follows, respectively.

M Conventional conditions

[0019]

10

20

25

30

35

40

45

50

55

Oxygen ion implantation treatment

Acceleration voltage: 200 keV, dose: 2x1017 at-
oms/cm2,

substrate temperature: 450°C
Heat treatment

1200°C, 2 hours
B Conditions of the invention
[0020]
Oxygen ion implantation treatment

Acceleration voltage: 200 keV, dose: 2x 1016 at-
oms/cm?,

substrate temperature: room temperature
Heat treatment

1000°C, 1 hour

As seen from this figure, a continuous SiO, layer is ob-
served under the conventional conditions and the occur-
rence of irregularity is unavoidable at the interface be-
tween the surface layer and the ion implanted layer cor-
responding to the surface of the surface layer after bond-
ing.

On the contrary, a clear SiO, layer is not observed under
the conditions of the invention and the interface between
the ion implanted layer and the surface layer is smooth.

(2) Step of bonding wafer for active layer to wafer for
support layer

[0021] Next, the wafer for active layer and the wafer
for support layer are bonded to each other. In this bond-
ing, both wafers may be bonded through an insulating
film or directly without an insulating film.

In case of bonding through the insulating film, an oxide
film (SiO,), a nitride film (SizN,4) and the like are prefer-
able as the insulating film. Also, as a film forming method
are preferable a heat treatment in an oxidizing atmos-
phere or a nitrogen atmosphere (thermal oxidation, ther-
mal nitriding), CVD and the like. As the thermal oxidation
may be used wet oxidation using steam in addition to
oxygen gas, and so on.

Furthermore, the insulating film may be formed on the
surface-side substrate before oxygen ion implantation or
after implantation. However, in case of forming the film
after the implantation, it is required to form a film at a
temperature of not higher than 1000°C, which hardly pro-
ceeds crystallization of amorphous.

Moreover, the insulating film can be formed on the wafer
for active layer or the wafer for support layer or both wa-
fers for active layer and support layer.
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[0022] Before the bonding, it is advantageous to con-
duct a cleaning treatment for suppressing the occurrence
of voids due to particles.

As the cleaning method is effective a general method of
cleaning a silicon wafer such as SC1+SC2, HF+O;, an
organic acid or a combination thereof.

Moreover, the bonding strength is not sufficient at the
bonding temperature of not higher than 1000°C and there
may be feared a risk of causing separation depending
on conditions (pressure and speed) at the grinding/pol-
ishing step after the bonding. In this case, it is advanta-
geous that the silicon surface before bonding is subjected
to an activation treatment through plasma using oxygen,
nitrogen, He, H,, Ar or a mixed atmosphere thereof for
enhancing the bonding strength.

[0023] In case of direct bonding, H,O adsorbed to the
bonded surface is changed into SiO, by the subsequent
heat treatment to exist in the bonded interface, so that
there may be conducted a method wherein the bonded
surfaces are cleaned with HF and hydrophobic surfaces
are bonded to suppress SiO,. Thus, oxides in the inter-
face can be reduced to improve device property.

(3) Step of heat-treating for enhancing bonding strength

[0024] The heat treatment for enhancing the bonding
strength is conducted at a temperature of not lower than
1000°C for increasing the bonding strength sufficiently,
but the holding time is preferable to be within 1 hour. The
atmosphere is not particularly limited, but it is preferable
to be an oxidizing atmosphere for forming an oxide film
of not less than 150 nm in order to protect the back sur-
face of the wafer at the subsequent grinding step.

(4) Step of thinning wafer for active layer to expose ox-
ygen ion implanted layer

- Grining

[0025] The grinding of the wafer for active layer in the
bonded wafer is carried out by machining. In this grinding,
a part of the wafer for active layer is left on the front
surface side of the oxygen ion implanted layer. The thick-
ness of the remaining part of the wafer for active layer is
not limited.

In order to shorten a time for subsequent polishing step,
it is preferable to conduct the grinding until just before
the oxygen ion implanted layer. The thickness of the re-
maining Si film is preferable to be about 3 to 10 um con-
sidering the accuracy of the grinding apparatus and the
grinding damage depth (approximately 2 pm).

- Polishing

[0026] Continuously, the wafer for active layer is fur-
ther polished to expose the oxygen ion implanted layer.
This polishing method (polishing stop) is preferable to be
conducted while supplying a polishing agent having an
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abrasive concentration of not more than 1 mass%. As
the polishing solution is mentioned an alkaline solution
having an abrasive (e.g., silica) concentration of not more
than 1 mass%. As the alkaline solution is preferable an
inorganic alkaline solution (KOH, NaOH, etc.), an organic
alkaline solution (e.g., piperazine, ethylendiamine and
the like which contain an amine as an essential compo-
nent) or a mixed solution thereof.

Inthis polishing method, since the abrasive concentration
is not more than 1 mass%, the mechanical polishing ac-
tion with the abrasive is very few, and the chemical pol-
ishing action is preferential. A part (Si layer) of the wafer
for active layer is polished by the chemical polishing ac-
tion with the alkaline solution. Since the alkaline solution
is high in the etching rate ratio of Si/(Si amorphous layer
containing oxygen atoms), the Si layer as a part of the
wafer for active layer can be polished effectively, where-
as the Si amorphous layer containing oxygen atoms is
hardly polished.

Therefore, even when the mechanical accuracy of the
polishing apparatus is not sufficient, the oxygen ion im-
planted layer is hardly polished and only the Si layer is
polished, and hence the oxygen ion implanted layer can
be exposed uniformly.

[0027] Particularly, by etching Si before polishing is
made smooth the boundary between a terrace (an out-
ermost peripheral region of 1-3 mm where two wafers
are not bonded to each other) and the bonding region to
suppress the occurrence of particles. Moreover, only the
terrace portion may be polished before the polishing.
[0028] At this moment, when a heat treatment is con-
ducted over a period from the step (1) of implanting ox-
ygen ions into the wafer for active layer to the step (4) of
exposing the oxygen ionimplanted layer by the polishing,
it is preferable that a holding time accumulated in a tem-
perature range of not lower than 1000°C is within 1 hour.
When the holding time in the temperature region of not
lower than 1000°C exceeds 1 hour, there is a fear of
recrystallizing the Si amorphous containing oxygen at-
oms formed in the oxygen ion implantation.

Moreover, the treating time is not particularly limited as
long as the treating temperature in the above heat treat-
ment is not higher than 1000°C.

(5) Step of removing oxygen ion implanted layer

[0029] The exposed oxygen ion implanted layer is
composed of Si amorphous containing oxygen atoms,
partially recrystallized Si and SiO,. As a removal method
can be applied an etching method, an oxidizing and etch-
ing method, polishing and the like.

B Etching method

[0030] Since the oxygen ion implanted layer selects
conditions that the oxygen dose and the heat treatment
for providing the complete SiO, layer are not sufficient,
it is preferable as an etching condition that the etching is
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conducted with a HF solution removing SiO,, or an alkali
solution removing Sior an alternating use of SC 1 solution
or ozone solution oxidizing Si and HF solution removing
SiO, formed by oxidization.

In any case, the HF solution is used and the wafer is
immersed in the HF solution, and thereafter it is prefer-
able to repeatedly conduct oxidization and HF until the
entire surface of the wafer becomes a water-repellant
surface as a measure for SiO, removal.

M Oxidation method

[0031] This method comprises a step of forming an
oxide film of a predetermined thickness on the exposed
surface of the oxygen ion implanted layer and a step of
removing the resulting oxide film.

The oxidation treatment is sufficient to be conducted in
an oxidizing atmosphere and the treating temperature is
not particularly limited, but an oxidizing atmosphere of
600 to 1000°C is preferable.

However, in order to suppress the deterioration of the
surface roughness resulted from SiO, particles, which
are generated by recrystallization of amorphous in the
oxygen ion implanted layer, it is preferable to treat the
layer at a low temperature, and 600 to 900°C is more
preferable.

When the oxidation treatment is conducted at the low
temperature, wet oxidation using H,O steam and hydro-
chloric acid oxidation through an oxidizing gas treatment
containing HCI gas can be applied for increasing the
growing rate of the oxide film, which is more preferable
for obtaining a high throughput.

The thickness of the oxide film is not particularly limited,
but when a crystal defect layer exists in the oxygen ion
implanted layer, the thickness is preferable to be not less
than the thickness of the defect layer, and also it is pref-
erably about 100 to 500 nm in the oxygen ion implantation
conditions of the invention. When the thickness of the
oxide film is less than 100 nm, the Si amorphous layer
cannot be removed sufficiently under the oxygen ion im-
plantation conditions of the invention, while when it ex-
ceeds 500 nm, the thickness uniformity of the active layer
is deteriorated due to the disruption of the in-plane uni-
formity of the oxide film.

The oxide film may be removed by cleaning with the HF
solution or by etching through annealing with hydrogen
gas, Ar gas or gas containing HF. Here, the oxidation
treatment and removal treatment may be conducted plu-
ral times. Thus, it is possible to more thin the active layer
while maintaining the planarized surface roughness.

It is advantageous to remove particles and metal impu-
rities attached to the surface of the bonded wafer by im-
mersing the bonded wafer in a mixed solution of an or-
ganic acid and hydrofluoric acid, for example, after the
removal of the oxide film.

10

15

20

25

30

35

40

45

50

55

(6) Step of planarizing/thinning surface of wafer for active
layer

[0032] The surface of the bonded wafer after the re-
moval of the oxygen ion implanted layer is rough as com-
pared to mirror polishing and is necessary to be
planarized.

As a planarization method can be applied a heat treat-
mentin areducing atmosphere, a polishing, a gas etching
comprised of gas/ion/radical capable of Si etching and
so on.

H Polishing method

[0033] The bonded surface is polished very slightly to
improve the roughness. The polishing margin is prefer-
able to be about 10 to 500 nm. When it is less than 10
nm, the roughness cannot be improved sufficiently, while
when it exceeds 500 nm, the thickness uniformity of the
active layer is deteriorated. By this treatment, it is possi-
ble to make the surface roughness (RMS) to not more
than 0.5 nm.

W Heat treatment in reducing atmosphere

[0034] The heat treatment is conducted in Ar, H, or a
mixed atmosphere thereof to improve the surface rough-
ness of the bonded wafer. The treating temperature is
preferably about not lower than 1000°C but not higher
than 1300°C. The treating time needs to be longer for
the lower temperature and is preferable to be about 1 to
2 hours at 1000 to 1200°C, about 10 to 30 minutes at
1200 to 1250°C, and about 1 to 5 minutes at not lower
than 1250°C. If the heat treatment is conducted at a high-
er temperature for a longer time beyond the above tem-
perature and time, there is a fear of deteriorating the in-
plane uniformity of the active layer by the etching action
of the reducing atmosphere.

In the invention, since the heat treatment after the bond-
ing until the removal of the oxygen ion implanted layer is
limited to have the holding time accumulated in the tem-
perature region of not less than 1000°C within 1 hour,
the sufficient bonding strength is not necessarily ob-
tained. Therefore, it is more preferable to conduct the
planarization treatment at a temperature of not lower than
1100°C for improving the bonding strength after the re-
moval of the oxygen ion implanted layer.

If surface activation with plasma or the like is conducted
as a treatment before bonding, the heat treatment of not
lower than 1100°C is not necessarily required.

As a heat-treating furnace are preferable a resistance
heating type vertical furnace capable of simultaneously
treating plural wafers, a lamp heating type RTA (rapid
thermal annealing furnace) of treating wafer by wafer,
and so on. Particularly, RTA is effective for treatment at
not lower than 1200°C.

By the above heat treatment, it is possible to render the
surface roughness (RMS) into not more than 0.5 nm like-
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wise the case of polishing method.

The surface oxide film generated by this heat treatment
may be removed by cleaning with HF solution or by etch-
ing through annealing with hydrogen gas, Ar gas or gas
containing HF.

[0035] Thus, it is possible to obtain a bonded wafer
being excellent in the thickness uniformity and less in the
defects and having a dramatically improved surface
roughness.

[0036] According to the invention, it is also possible to
produce a bonded wafer, wherein silicon wafers having
different crystal orientations are directly bonded to each
other (e.g., bonding of 110 crystal and 100 crystal, bond-
ing of 111 crystal and 100 crystal, etc.).

EXAMPLES
Example 1

[0037] Two silicon wafers having a diameter of 300
mm are provided by slicing from a boron-doped silicon
ingot grown by CZ method. Among them, one silicon wa-
fer has a crystal orientation of (100) and is a wafer for
active layer, and the other silicon wafer has a crystal ori-
entation of (110) and is a wafer for support layer.

The (100) wafer is treated in an oxidizing atmosphere at
1000°C for 3 hours to form an oxide film with a thickness
of 150 nm.

Next, the surface of the (100) wafer as a wafer for active
layer is subjected to an oxygen ion implantation at an
acceleration voltage of 200 keV. In this case, the sub-
strate temperature is from room temperature to less than
200°C, and the dose is varied within a range of 1x1015
to 1x 1017 atoms/cm?,

As a result, an oxygen ion implanted layer is formed in a
depth position of about 450 nm from the surface of the
wafer for active layer.

[0038] Then, both the wafers are subjected to
HF+ozone cleaning to remove particles on the surfaces
to be bonded, and thereafter both the wafers are bonded.
Subsequently, the heat treatment for bonding is conduct-
ed for firmly bonding the bonded interface. The heat-
treating conditions are an oxidizing atmosphere, 950°C
and 1 hour, and oxide films with a thickness of approxi-
mately 150 nm are formed on the front and back surfaces
of the bonded wafer as a back surface protection film at
the subsequent processing.

Then, the wafer for active layer in the bonded wafer is
ground by a predetermined thickness from its surface
with a grinding apparatus. That is, the grinding treatment
is conducted so as to leave only a part of the wafer for
active layer (a thickness of about 5 wm) on the front sur-
face side of the oxygen ion implanted layer.

Next, the surface of the bonded wafer after the grinding
is polished by supplying a polishing agent containing
abrasives with an abrasive (silica) concentration of not
more than 1 mass% to expose the oxygen ion implanted
layer. As the polishing agent is used an alkaline solution
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having an abrasive concentration of not more than 1
mass%. This alkaline solution is an organic alkaline so-
lution containing amine (e.g., piperazine, ethylenedi-
amine or the like) as a main component.

Moreover, the thus obtained oxygen ion implanted layer
is formed uniformly in the plane of the bonded wafer, and
consequently it is confirmed that the oxygen ion implant-
ed layer uniformly formed in the plane is exposed.
[0039] Thereafter, the bonded wafer is subjected to
wet oxidation treatment in an oxidizing atmosphere at a
temperature of 950°C for 0.5 hour. As a result, an oxide
film of a given thickness is formed on the exposed surface
of the oxygen ion implanted layer in which all of Si amor-
phous layer containing oxygen atoms is converted into
an oxide film (SiO,). Next, the oxide film is removed by
HF etching (HF solution composition: 10 %, temperature:
20°C). After the removal of the oxide film, the thickness
of the exposed active layer is uniformized in the plane
and thinned.

[0040] Then, the bonded wafer is cleaned by the fol-
lowing treatment. It is immersed in an aqueous solution
of dissolved ozone having an ozone concentration of 5
ppm, an aqueous solution of 0.06 mass% of citric acid
as an organic acid in pure water, an aqueous solution of
0.05 mass% of hydrofluoric acid, an aqueous solution of
0.6 mass% of citric acid as an organic acid in pure water,
and lastly an aqueous solution of dissolved ozone having
an ozone concentration of 5 ppm at room temperature in
this order. The treating time is 5 minutes and the treating
temperature is room temperature, respectively. By this
cleaning treatment are removed metal impurities and par-
ticles from the surface of the bonded wafer.

After the cleaning, the bonded wafer is finished by sub-
jecting to a heat treatment in an argon gas atmosphere
at 1100°C for 2 hours.

The thickness of the thus obtained active layer is 100 to
200 nm and the scattering of the thickness distribution in
the plane is within 10 to 20 %.

Example 2

[0041] A bonded wafer is prepared under the same
conditions as in Example 1 except that a (100) wafer for
active layer and a (110) wafer for support layer are bond-
ed without an insulating film (oxide film).

The thickness of the thus obtained active layer is 250 to
350 nm and the scattering of the thickness distribution in
the plane is within 10 to 20 %.

[0042] Next, the surface roughness of each of the
bonded wafers obtained in Examples 1 and 2 is exam-
ined. The measurement apparatus is AFM and the eval-
uation field is 10X10 pm.

The obtained results are shown in FIG. 3. In addition, the
examination results when oxygenion implantation is con-
ducted under high temperature and high dose conditions
according to the conventional method with substrate tem-
perature of 450°C and dose of 2x1017 atoms/cm? are
also shown in FIG. 3 for comparison.
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As seen from this figure, when the oxygen ion implanta-
tion is conducted at a high temperature and a high dose
as in the conventional technique, only the surface rough-
ness (RMS) of more than 4.0 nm is obtained, while when
the implantation is carried out according to the invention,
a good surface roughness (RMS) of less than 0.4 nm
could be obtained regardless of the presence or absence
of the oxide film.

INDUSTRIAL APPLICABILITY

[0043] According to the invention, it is possible to sta-
bly obtain a bonded wafer, which is excellent in the thick-
ness uniformity after thinning and extremely less in the
occurrence of defects and dramatically improves the sur-
face roughness.

Claims

1. A method for producing a bonded wafer by bonding
a wafer for active layer to a wafer for support layer
through an insulating film or directly and then thin-
ning the wafer for active layer, which comprises:

(1) a step of implanting oxygen ions into a wafer
for active layer;

(2) a step of bonding an oxygen ion implanted
side surface of the wafer for active layer to a
wafer for support layer directly or through an in-
sulating film;

(3) a step of heat-treating for enhancing a bond-
ing strength;

(4) a step of thinning the wafer for active layer
in the bonded wafer to expose the oxygen ion
implanted layer;

(5) a step of removing the exposed oxygen ion
implanted layer; and

(6) a step of planarizing and/or thinning a surface
of a portion in the wafer of active layer,

wherein in the above step (1) of implanting oxygen
ions into the wafer for active layer, oxygen ions are
implanted at a dose of 5x 1015 to 5x 1016 atoms/cm?
in a state that the temperature of the wafer for active
layer is held at not higher than 200°C.

2. The method for producing a bonded wafer according
to claim 1,
wherein a holding time of the oxygen ion implanted
layer accumulated in a temperature range of not low-
erthan 1000°C after the oxygen ionimplantation step
until the step of exposing the oxygen ion implanted
layer is within 1 hour.

3. The method for producing a bonded wafer according
to claim 1 or 2,
wherein a surface orientation of each wafer in the
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(111).



EP 2 187 429 A1

uojiez|ieue|d pue bul|esuue ay

(ooL)

19fe| pajue|du] jo

uojlepIxo |eid1}14oes

dois buiysi|od

(ooL)

jusuleoa.d] odeddo]

¥oeq puno.r

(ooL)

(oLL)

buipuoq a40j9q bui|esuue iy

buipuoq 491je bul |eauuy

(ooL) -

(ooL)

(OLL)

[ 914

bu1puog

uollejue|dul uol uabAxQ

(0LL)




EP 2 187 429 A1

Fl6. 2

(a) (b)
Conventional

e Invention
conditions

Surface layer | urface layer

i lon implanted
- layer

Polishing/etching |

stop face gSubstrate

implantation (450°C)
« Low-temperature
* implantation (room temperature)
& Low—temperature implantation :
(room temperature), no oxide film

‘ /G‘ 3 4 High—temperature

Range of the
. invention

HRE S ]
n"implantation amount i
dose amount) . [atoms/cmZ]

10



EP 2 187 429 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2008/064505

A. CLASSIFICATION OF SUBJECT MATTER
H01L21/02(2006.01)1,

H01L21/265(2006.01) 1,

H01L27/12(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. TFIELDS SEARCHED

HO01L21/02, HO01L21/265, HO1lL27/12

Minimum documentation searched (classification system followed by classification symbols)

Jitsuyo Shinan Kcho
Kokai Jitsuyo Shinan Koho

1922-1996
1971-2008

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2008
1994-2008

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y JP 2-1914 A (Sony Corp.),
08 January, 1990 (08.01.90),
Page 3, upper left column,
lower right column, line 11

(Family: none)

JP 7-226433 A (Sony Corp.),
22 August, 1995 (22.08.95),
Par. Nosg. [0021] to [0026]
(Family: none)

WO 2005/074033 Al
Corp.),

11 August, 2005 (11.08.05),
Par. Nog. [0022] to [0036]

& EP 1710836 Al & US

line 11 to page 4,

(Sumitomo Mitsubishi Silicon

1-3

2007/0161199 Al

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered  to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
31 October, 2008 (31.10.08)

Date of mailing of the international search report
11 November, 2008 (11.11.08)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

11




EP 2 187 429 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2008/064505
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 5-90117 A (Toghiba Corp.), 3
09 April, 1993 (09.04.93),
Claims 2 to 4
(Family: none)
Y JP 7-297377 A (Mitsubishi Electric Corp.), 3

10 November, 1995 (10.11.95),
Claim 1
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (April 2007)

12




EP 2 187 429 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2006184237 A [0004]

13



	bibliography
	description
	claims
	drawings
	search report

